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GEAR CHANGING DEVICE AND COMMUNICATION 
APPARATUS INCLUDING THE SAME 

BACKGROUND OF THE nSlVENTIQN 

1. Field of Invention 

[0001] This invention relates to a gear changing device, for use in a communication 
apparatus, such as a facsimile machine, that changes gears according to the switching of 
modes, for instance, between an image reading mode, recording mode, and copying mode. 
This invention also relates to a communication apparatus including the gear changing device. 

2. Description of Related Art 

[0002] In an operation mode of a facsimile machine, such as an image reading 
mode, a recording mode, and a copying mode, only relevant gears for the operation modes 
need to be rotated. To achieve this, a gear changing device is devised that changes gears 
according to the switching of the operation modes. Such gear changing devices are disclosed 
in U.S. Patent Nos. 5,764,372 and 6,178,863 Bl. The gear changing device disclosed in U.S. 
Patent No. 5,764,372 includes a control motor, two sun gears, two planetary gears, and a 
switching cam. The gear changing device disclosed in U.S. Patent No. 6,178,863 Bl includes 
a control motor, a sun gear, two planetary gears, and a solenoid. As the sim gear rotates in 
the forward or reverse direction, the planetary gears are pivotally moved clockwise or 
counterclockwise, selectively engaging with transmission gears. Accordingly, the drive force 
of the sun gear is transmitted to a plurality of transmission paths. Because the pivotal 
movement of the planetary gears may or may not be prevented depending on the phases of 
the switching cam or by turning the solenoid on or off, the planetary gears are selectively 
engaged with the transmission gears in each of the operational modes. Thus, the drive force 
of the sun gear is selectively transmitted to the transmission paths. 

[0003] Such known gear changing devices require a large number of parts other 
than the sim gear and the planetary gear, leading to complicated structures, as well as making 
the gear changing device larger in size. Consequently, a communication apparatus including 
the gear changing device naturally becomes larger in size, so that the reduction of the 
physical size of the commimication apparatus is difficult to achieve. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, one aspect of the invention is to provide a gear changing 
device that has a simple structure and is smaller in size and also to provide a commimication 
apparatus including such a gear changing device. Another aspect of the invention is to 
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provide a gear changing device that switches rotating directions of a sun gear at an 
appropriate time and also switches operation modes smoothly, as well as to provide a 
conimunication apparatus that includes such a gear changing device. 

[0005] To achieve the above-described aspects, in a gear changing device of this 
invention, a drive motor is rotatable in a forward direction or a reverse direction. A sun gear 
is rotated by the drive motor. A planetary gear is constantly engaged with the sun gear. A 
rotating member is concentric with the sun gear and rotates in a same direction as the sun 
gear when the sun gear rotates in the forward direction, so as to pivotally rotate the planetary 
gear around the sun gear. The rotating member stops rotating when the sun gear rotates ia the 
reverse direction, so as to allow the planetary gear to rotate on an axis of the planetary gear at 
a plurality of predetermined positions on a path of the planetary gear where the planetary gear 
pivotally rotates. The rotating member is provided on a circumference thereof with a 
plurality of recesses and projections that are dented or protruded in a diametrical direction of 
the rotating member. The rotating member alternately disposes the recesses and projections, 
each of which have a specific width. A plurality of transmission gears are engaged with the 
planetary gear at the predetermined positions on the path of the planetary gear where the 
planetary gear pivotally rotates. A sensor switch detects the recesses and the projections at a 
fixed position. 

[0006] In the above-described gear changing device, a timing at which the sun gear 
is rotated in the reverse direction, or the forward direction may be controlled based on the 
widths of the recesses and the projections formed on the circumference of the rotating 
member. In this way the rotating directions of the sun gear may be changed at an appropriate 
timing. The planetary gear may be seciirely engaged with the transmission gears required for 
operation modes and the operation mode may be switched smoothly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Various exemplary embodiments of the invention will be described with 
reference to the accompanying drawings in which like elements are labeled with like mmibers 
and in which: 

FIG. 1 is a side sectional view of a facsimile machine including a gear changing 
device according to an exemplary embodiment of the invention; 

FIG. 2 is an explanatory view of the gear changing device; 

FIG. 3 is a plan view showing a rear side of the gear changing device; 

FIG. 4 is a plan view of a rotating member of the gear changing device; 



FIG. 5 is a sectional view showing a connection between a sun gear and the rotating 
member; 

FIG. 6 is a sectional view of a regulating imit of the rotating member; 
FIG. 7 is an explanatory view showing actions of a rotation regulating member of the 
regulating unit; 

FIG. 8 is an explanatory view of a principal portion of the gear changing device when 
an image on a document is read; 

FIG. 9 is an explmiatory view of the principal portion of the gear changing device 
when a recording sheet is fed; 

FIG. 10 is an explanatory view of the principal portion of the gear changing device 
when recording is performed on the recording sheet; 

FIG. 1 1 is an explanatory view of the principal portion of the gear changing device 
when reading of the image on the document and recording onto the recording sheet are 
performed simultaneously; 

FIG. 12 is an explanatory view of the principal portion of the gear changing device 
when the recording sheet is discharged; 

FIG. 13 is an explanatory view of the principal portion of the gear changing device 
when the facsimile machine is on standby; 

FIG. 14 is a flowchart showing ON-detection processes to detect when a sensor 
switch is turned on; 

FIG. 15 is a flowchart showing OFF-detection processes to detect when the sensor 
switch is turned off; 

FIG. 16 is a flowchart showing next-ON-detection processes to detect a next ON 
condition of the sensor switch after the sensor switch is turned on, and then turned off; 

FIG. 17 is a flowchart showing home position detection processes to be performed 
until the rotating member is brought in a home position; 

FIG. 1 8 is an explanatory view showing a table to be referred to when an operation is 
switched to another operation; 

FIG. 19 is a flowchart showing an operation switching from a sheet discharging 
operation to a sheet feeding operation; and 

FIG. 20 is a block diagram of the facsimile machine accordmg to an exemplary 
embodiment of the invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0008] FIG. 1 is a side sectional view of a facsimile machine including a gear 
changing device according to an exemplary embodiment. 

[0009] As shown in FIG. 1 , a facsimile machine 1 includes an upper cover 2 and a 
lower cover 3. Provided at an upper portion of the upper cover 2 (upper left portion in 
FIG. 1) is a sheet stacker 4 on which recording sheets are stacked. A sheet pick-up roller 5 is 
disposed adjacent to the sheet stacker 4. The sheet pick-up roller 5 is driven by a drive 
motor 57 (shown in Fig. 3) and rotated through gears, which will be described in more detail 
below. 

[0010] The sheet pick-up roller 5 is rotatably supported by a roller shaft 5A in a 
roller supporting portion 7 of a support plate 6. The pick-up roller 5 is partially exposed 
above the support plate 6 through a roller opening 8 formed in the support plate 6. A 
regulating member 9 that separates the recording sheets stacked on the sheet stacker 4 one by 
one, is disposed opposite to the sheet pick-up roller 5, so as to elastically press against a 
surface of the sheet pick-up roller 5. The sheet pick-up roller 5 and the regulating member 9 
cooperate to feed the recording sheets one by one, along a sheet feeding path Rl . 

[001 1] A platen roller 1 0 is disposed at a substantially central portion of the sheet 
feeding path Rl . The platen roller 1 0 is driven by the drive motor 57 and rotated through 
gears, which will be described in more detail. A thermal head 1 1 is disposed so as to face the 
platen roller 10. The thermal head 1 1 is a line tiiermal head including heating elements 
which are arranged in an array. The thermal head 1 1 has a length approximately as the same 
as the width of the recording sheet and the heating elements are provided in line so as to 
correspond to a printable width on the recording sheet. Thus, the thermal head 1 1 covers a 
printable area on the recording sheet. The thermal head 1 1 is secured on an upper surface of 
a head holding portion 14. 

[0012] The head holding portion 14 is urged upwardly by an urging spring 1 3 
provided between a spring holding member 12 and a recess 14A provided on a side opposite 
to the platen roller 10. The thermal head 1 1 is pressed against the platen roller 10 with an 
urging force of the urging spring 13. The thermal head 1 1 is released from the platen roller 
10 according to operation modes of the facsimile machine 1 . A mechanism for releasing the 
thermal head 1 1 is irrelevant to this invention, so that the mechanism is not described or 
illustrated herein. 

[0013] A sheet discharge roller 1 7 is disposed downstream of the platen roller 1 0 in 
the sheet feeding path Rl. A pinch roller 18 is disposed above the sheet discharge roller 17, 



so as to press against the sheet discharge roller 17. The sheet discharge roller 17 is driven by 
the drive motor 57 and rotated through gears, which will be described in more detail. The 
sheet discharge roller 17 feeds the recording sheet downstream in the sheet feeding path Rl, 
in cooperation with the pinch roller 18, to discharge the recording sheet from the facsimile 
machine 1 after recording is performed. 

[0014] A ribbon accommodating portion 3 A is formed in the lower cover 3 below 
the sheet pick-up roller 5. The ribbon accommodating portion 3 A accommodates a roll of 
ribbon 20 wound around a cylinder 19. The ribbon 20 has enough width to cover the area 
printable with the heating elements of the line thermal head 1 1 . The ribbon 20 is taken from 
the ribbon accommodating portion 3 A, passing between the platen roller 10 and the thermal 
head 11. Then, the ribbon 20 is taken up by a ribbon take-up spool 21 provided in a ribbon 
take-up portion 3B. The ribbon take-up spool 21 is driven by the drive motor 57 and rotated 
through gears, as described below, to take up the ribbon 20 used for recording. 

[0015] A document feed mechanism will be described. A document tray 22 is 
formed on the upper cover 2 to the upper right side of the sheet stacker 4 in FIG. 1 (above the 
regulating member 9). A document insertion opening 24 is provided between the document 
tray 22 and an upper panel plate 23. A document supporting portion 25 is provided to the 
right downward side of the document tray 22 along a document feeding path R2 in FIG. 1. A 
document guiding portion 26 curved downwardly is provided above the document supporting 
portion 25 so as to face the portion 25. The document supporting portion 25 and the 
document guiding portion 26 form the document feed path R2, so as to gradually narrow the 
height of the path R2. 

[0016] Provided on the underside of the document supporting portion 25 on the 
downstream side in the document feeding path R2, is a pair of roller supporting portions 27 
(only one of which is only shown in FIG. 1). A roller opening 28 is formed between the 
roller supporting portions 27. A separation roller 29 that separates a plurality of docviments 
one by one is rotatably supported in each of the roller supporting portions 27. The separation 
roller 29 is partially exposed above the document supporting portion 25, through the roller 
opening 28. A separation pad 31 attached to the underside of the document guiding 
portion 26 contacts the surface of the separation roller 29 exposed through the roller opening 
28 in the document supporting portion 25. The separation roller 29 and the separation pad 3 1 
cooperate to separate the documents one by one, forming a separation unit 30. 

[0017] Provided downstream of the separation roller 29 in the document feeding 
path R2 are a line feed (LF) roller 32 and a pinch roller 33 that is disposed above the LF 
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roller 32 and presses against the LF roller 32. The LF roller 32 and the pinch roller 33 are 
rotatably supported. The LF roller 32 is driven by the drive motor 57 and rotated though 
gears, as described below. Formed in the lower cover 3 downstream of the pinch roller 33 is 
a contact image sensor (CIS) unit 34 accommodated in a unit accommodating portion 3C. A 
docimient presser 35 presses against an upper portion of the CIS unit 34. The CIS unit 34 
reads image data on a document which is line-fed while passing between the LF roller 32 and 
the pinch roller 33. Disposed downstre^n of the CIS unit 34 in the document feeding path 
R2 are a document discharge roller 36 and a pinch roller 37 that is disposed above the 
document discharge roller 36 and presses against the roller 36. The document discharge 
roller 36 and the pinch roller 37 discharge the document, whose image data has been read by 
the CIS unit 34, from the facsimile machine 1. 

[0018] The upper panel plate 23 is provided with a keyboard 38 having numeral 
keys and various function keys. Various operations of the facsimile machine 1 are performed 
when relevant keys are pressed. A gear changing device 40 for selectively rotating the sheet 
pick-up roller 5, the platen roller 10, the ribbon take-up spool 21, the sheet discharge roller 
17, the LF roller 32 and the document discharge roller 36 will be described, with referring to 
FIGS. 2 through 7. 

[0019] FIG. 2 is an explanatory view of the gear changing device 40. FIG. 3 is a 
plan view showing a rear side of the gear changing device 40. FIG. 4 is a plan view of a 
rotating member 45 of the gear changing device 40. FIG. 5 is a sectional view showing 
connection between a sun gear 43 and the rotating member 45. FIG. 6 is a sectional view of a 
regulating unit 49 of the rotating member 45. FIG. 7 is an explanatory view showing actions 
of a rotation regulating member 51 of the regulating unit 49. 

[0020] In FIGS. 2 through 5, the geai changing device 40 has a base plate 41 . A 
shaft 42 is integrally formed with the base plate 41 . A sun gear 43 is rotatably supported by 
the shaft 42 on the base plate 41 . Gear teeth 43 A are formed on a circumference of the sun 
gear 43. Gear teeth 43B (FIG. 5) are formed on the underside of the sun gear 43. 

[0021] Disposed below the sun gear 43 is a rotating member 45 rotatably supported 
by the shaft 42 which is inserted into a shaft hole 45A formed in the rotating member 45, as 
shown in FIGS. 4 and 5. The rotating member 45 is concentric with the sim gear 43 and can 
rotate about the shaft 42. As shown in FIG. 4, supporting portions 45C for rotatably 
supporting planetary gears 46, 47 are provided at such positions that the supportmg 
portions 45C form a predetermined angle with the center of the rotating member 45. Each of 
the planetary gears 46, 47 are constantly engaged with the gear teeth 43B of the sun gear 43. 



When the sun gear 43 is rotated in one direction via the drive motor 57, each planetary 
gear 46, 47 rotates in the same direction on an axis thereof. It is to be noted that the sun 
gear 43 and each planetary gear 46, 47 are not illustrated in FIG. 4 and that the planetary 
gear 47 is not illustrated in FIG. 5. 

[0022] A clutch spring 48 is disposed between a tubular shaft member 43 C that is 
formed in the sun gear 43 and a tubular shaft member 45B that is formed in the rotating 
member 45. The tubular shaft member 43C in the sun gear 43 is inserted over the shaft 42. 
The tubular shaft member 45B in the rotating member 45 defines the shaft hole 45A which is 
inserted over the shaft 42. The clutch spring 48 generates greater torque (tightening torque) 
when the sun gear 43 is rotated in the counterclockwise direction m FIGS. 2 and 4 (as shown 
by the arrow B in FIG. 4, and this direction is hereinafter referred to as the forward direction). 
The clutch spring 48 generates smaller torque (loosening torque) when the sun gear 43 is 
rotated in the clockwise direction in FIGS. 2 and 4 (as shown by the arrow A in FIG. 4, and 
this direction is hereinafter referred to as the reverse direction). In other words, when the sun 
gear 43 is rotated by the drive motor 57 in the forward direction, greater frictional load is 
applied between the sim gear 43 and the rotating member 45, due to the tightening torque of 
the clutch spring 48. When the sun gear 43 is rotated by the drive motor 57 in the reverse 
direction, a frictional load smaller than that applied when the sun gear 43 is rotated in the 
forward direction, is applied between the sun gear 43 and the rotating member 45, due to the 
loosening torque of the clutch spring 48. More specifically, when the sim gear 43 is rotated 
by the drive motor 57 in the forward direction, the sun gear 43 and the rotating member 45 
rotate together. When the svm gear 43 is rotated by the drive motor 57 in the reverse 
direction, the sxm gear 43 and the rotating member 45 are independently rotatable. 

[0023] A regulating unit 49 is provided at a position that is a predetermined distance 
from the center of the rotating member 45. When the sun gear 43 is rotated in the forward 
direction, the regulating unit 49 allows the rotating member 45 to rotate such that the 
planetary gears 46, 47 are pivotally rotated about the shaft 42. When the sun gear 43 is 
rotated in the reverse direction, the regulating unit 49 positions the rotating member 45 so as 
to allow each planetary gear 46, 47 to rotate on the axis thereof at a predetermined position. 

[0024] Structures of the regulating unit 49 are described below, with reference to 
FIGS. 5 through 7 and FIG. 3. The regulating unit 49 includes a rotation regulating 
member 51 that is disposed inside a cover 50 so as to move up and down, and a pressing 
spring 52 that is disposed between the upper inner surface of the cover 50 and an upper end 



of the rotation regulating member 51 and that constantly presses the rotation regulating 
member 51 downward. 

[0025] As shown in FIG. 5, formed on a side surface of the rotation regulating 
member 51 is a protrusion 54 that is guided upward or downward along a vertical slit 53 
formed in the cover 50. A damper 55 is provided on the upper surface of the rotating 
member 45 where the damper 55 and the protrusion 54 face each other. When a lower end of 
the rotation regulating member 51 fits into a positioning hole (described below) formed in the 
base plate 41, the protrusion 54 is lowered due to the downward pressing force applied by the 
pressing spring 52, making the underside of the protrusion 54 contact the rotating member 45. 
The damper 55 reduces sounds generated at the time the underside of the protrusion 54 
contacts the rotating member 45. 

[0026] The positioning holes formed in the base plate 41 into which the rotation 
regulating member 51 is engaged or fitted, will be described, mainly referring to FIG. 3. As 
shown in FIG. 3, a plurality of positioning holes 56A, 56B, 56D, and 56E, as well as a 
positioning edge 56C are formed in the base plate 41 along an arc corresponding to the 
circumference of the sun gear 43 placed in position. The positioning hole 56A is associated 
with a sheet feeding operation. When the lower end of the rotation regulating member 5 1 fits 
into the positioning hole 56A, the sheet pick-up roller 5 is rotated by a drive force of the drive 
motor 57 through the gear changing device 40, as will be described in detail below. 

[0027] The positioning hole 56B is associated with a recording operation by the 
thermal head 1 1 onto the recording sheet. When the lower end of the rotation regulating 
member 51 fits into the positioning hole 56B, the platen roller 10, the ribbon take-up spool 
21, and the sheet discharge roller 17 are rotated by a drive force of the drive motor 57 
through the gear changing device 40, as will be described in detail below. 

[0028] The positioning edge 56C is associated with a copying operation. As will be 
described in detail below, when the lower end of the rotation regulating member 5 1 contacts 
the positioning edge 56C, the LF roller 32 and the document discharge roller 36 are rotated 
by a drive force of the drive motor 57 through the gear changing device 40, to read an image 
on a document. At the same time, the sheet discharge roller 17, the platen roller 10, and the 
ribbon take-up spool 21 are rotated to perform recording on the recording sheet. 

[0029] The positioning hole 56D is associated with a sheet discharging operation 
after an image is recorded onto a recording sheet. When the lower end of the rotation 
regulating member 51 fits into the positioning hole 56D, the sheet discharge roller 17 is 
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rotated by a drive force of the drive motor 57 through the gear changmg device 40, as will be 
described in detail below. 

[0030] The positioning hole 56E is associated with an image reading operation for 
reading an image on a document with the CIS unit 34. When the lower end of the rotation 
regulating member 51 fits into the positioning hole 56E, the LF roller 32 and the document 
discharge roller 36 are rotated by a drive force of the drive motor 57 through the gear 
changing device 40, as will be described in detail below. 

[0031] The positioning holes 56A, 56B, 56D, 56E and the positioning edge 56C are 
disposed along the arc corresponding to the circumference of the sun gear 43. Such 
arrangements enable the various operations of the facsimile machine 1 to be performed 
consecutively, with a minimum rotation of the sun gear 43. 

[0032] As shown in FIG. 3, the drive motor 57 (pulse motor) is disposed adjacent to 
the sun gear 43 on a front side of the base plate 41 (on the back side in FIG. 3). A pinion 58 
is moimted on a drive shaft of the drive motor 57. The pinion 58 engages witii the gear 
teeth 43 A of the sun gear 43 on the front side of the base plate 41 . 

[0033] With reference to FIGS. 5 through 7, the engagement of the rotation 
regulating member 51 into the positioning holes 56A, 56B, 56D, 56E or with the positioning 
edge 56C when the rotating member 45 is rotated in the forward direction by the action of the 
clutch spring 48 as the sun gear 43 rotates in the forward dhection, will be described below. 
It is to be noted that FIG. 7 only illustrates the positioning hole 56A as an example, however, 
substantially the same principle can be applied to other positioning holes 56B, 56D, 56E, as 
well as the positioning edge 56C. 

[0034] As the sun gear 43 rotates in the forward direction, greater toque is 
generated between the sun gear 43 and the rotating member 45 with the action of the clutch 
spring 48. Consequently, the rotating member 45 starts to rotate in the same direction as the 
sun gear 43. When the rotation regulating member 5 1 does not fit into the positioning 
hole 56A, 56B, 56D, 56E, or contact the positioning edge 56C, the lower end of the rotation 
regulating member 51 contacts the upper surface of the base plate 41. In this state, the lower 
end of the rotation regulating member 51 is located at a position indicated by a solid line in 
FIG. 5. As shown in FIGS. 5 and 6, the pressing spring 52 is held under compression. 

[0035] As the rotating member 45 is further rotated, the lower end of the rotation 
regulating member 51 is eventually engaged in the positioning hole 56A, 56B, 56D, 56E, or 
contacts the positioning edge 56C, as shown by dotted lines in FIG. 5 and by a left-side figure 
in FIG. 7. As the sun gear 43 is rotated in the reverse direction in the state that the lower end 



10 

of the rotation regulating member 51 engages in the positioning hole 56A, 56B, 56D, 56E, or 
contacts the positioning edge 56C, according to the rotation of the drive motor 57 and the 
pinion 58, the frictional load applied between the sun gear 43 and the rotating member 45 is 
decreased by the action of the clutch spring 48. Accordingly, the force as the rotating 
member 45 tries to rotate in the reverse direction following the rotation of the sun gear 43 
becomes insignificant, or very small. In addition, the regulating unit 49 regulates the rotation 
of the rotating member 45, so tiiat the rotating member 45 does not rotate together with the 
sim gear 43 in the reverse direction, but stops rotating. 

[0036] Because each planetary gear 46, 47 is constantiy engaged with the gear teeth 
43B of the sun gear 43, each planetary gear 46, 47 rotates in the same direction on the axis 
thereof, as the sun gear 43 rotates in the reverse direction. In this state, the frictional load 
applied between the sun gear 43 and tiie rotating member 45 is decreased and the rotating 
member 45 is positioned by the regulating unit 49, so that the drive force of the drive motor 
57 is efficiently transmitted to transmission gears (described below), through the sun gear 43 
and the planetary gears 46, 47. Therefore, a motor that provides a relatively small drive force 
may be used. 

[0037] As the sun gear 43 is rotated again in the forward direction after being 
rotated in the reverse direction, the greater frictional load is applied between the sun gear 43 
and the rotating member 45, due to the action of the clutch spring 48. Accordingly, the 
rotating member 45 is again rotated in the forward direction along with the sun gear 43 
rotating in the forward direction. The planetary gears 46, 47 pivot about the shaft 42 around 
the sun gear 43. At this time, as shown in a right-side figure in FIG. 7, the lower end of the 
rotation regulating member 51 is guided upwardly along a tilt 41 A formed in the base 
plate 41 near the positionmg holes 56A, 56B, 56D, 56E and the positioning edge 56C. Then, 
the lower end of the rotation regulating member 5 1 comes into contact with the upper surface 
ofthe base plate 41. 

[0038] The rotation regulating member 5 1 can be disengaged from the positioning 
holes 56A, 56B, 56D, 56E or the positioning edge 56C only in one direction. Therefore, the 
rotating member 45 is continuously rotatable only in the same direction as the sun gear 43 
rotating in the forward direction. As the sun gear 43 starts to rotate in the reverse direction, 
the rotating member 45 follows the rotation ofthe sun gear 43 and is sUghtly rotated in the 
reverse direction. 

[0039] Referring back to FIG. 4, the rotating member 45 is described. A plurality 
of recesses 60A, 60B, 60C, 60D, 60E havmg a depth in the diametrical direction ofthe 
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rotating member 45 and a plurality of projections 60A', 60B', 60C', 60D', 60E' having a 
height in the diametrical direction of the rotating member 45 are alternately and integrally 
formed in the outer periphery of the rotating member 45. Each recess 60 A, 60B, 60C, 60D, 
60 and each projection 60A', 60B', 60C', 60D', 60E' has a different width along the 
circumferential direction of the rotating member 45. In this embodiment, the recess 60 A, 
60B, 60C, 60D, 60E and the projection 60A', 60B', 60C', 60D', 60E' adjacent to each other 
are paired, so that a total of five pairs are provided to correspond to the above-described five 
operations of facsimile machine 1, that is, the sheet feeding operation, recording operation, 
copying operation, sheet discharging operation, and image reading operation. While the 
rotating member 45 is rotating, the projections 60 A', 60B', 60C', 60D', 60E' come into contact 
with or out of contact with a switch terminal 81 of a sensor switch 80 (in FIG. 2), thereby 
changing a level of a signal output from the sensor switch 80 into ON or OFF. The 
operations of the facsimile machine 1 are controlled by a central processing unit (CPU) 101, 
based on the signals outputted firom the sensor switch 80, as will be described below. 

[0040] Transmission of the drive force through the gear changing device 40 to the 
sheet pick-up roller 5, the platen roller 10, the ribbon take-up spool 21, the sheet discharge 
roller 17, the LF roller 32, and the document discharge roller 36 will be described with 
reference to FIG. 2. In FIG. 2, four transmission gears of a first transmission gear 61, a 
second transmission gear 62, a third transmission gear 63, and a fourth transmission gear 64 
are provided so as to be rotatably supported on the base plate 41, along a path of the planetary 
gears 46, 47 that pivotally rotate when the rotating member 45 rotates in the forward 
direction. The transmission gears 61 through 64 are engaged with the planetary gears 46, 47 
at a position where the rotating member 45 is stopped by the rotation regulating member 51 
engaging in the positioning holes 56A, 56B, 56D, 56E or contacting the positioning 
edge 56C. The transmission gear 61 through 64 is rotated as the planetary gear 46, 47 rotates 
on its axis in association with tiie rotation of the sun gear 43. 

[0041] The first transmission gear 61 is engaged with a driven gear 65, which is 
engaged with another driven gear 66. The driven gear 66 is connected to the sheet pick-up 
roller 5 through a gear train. As the lower end of the rotation regulating member 5 1 engages 
in the positioning hole 56A while the rotating member 45 is rotating, the planetary gear 47 
and the first transmission gear 61 are engaged with each other. Thus, a drive force 
transmission path to the sheet pick-up roller 5 is formed with the planetary gear 47, the first 
ti^smission gear 61, and the driven gears 65, 66. Accordingly, the sheet pick-up roller 5 is 
driven, as the sun gear 43 is rotated in the reverse direction with the lower end of the rotation 
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regulating member 51 engaged in the positioning hole 56A. The sheet feeding operation is 
thus performed. 

[0042] The second transmission gear 62 is engaged with a driven gear 67 which has 
a driven gear 67A (FIG. 3) integrally formed with the driven gear 67 at a lower side thereof 
The driven gear 67A is engaged with another driven gear 68, which is supported on the rear 
side of the base plate 41, as shown in FIG. 3. The driven gear 68 is connected to the ribbon 
take-up spool 21 through a gear train. As the lower end of the rotation regulating member 51 
engages in the positioning hole 56B while the rotating member 45 is rotating, the planetary 
gear 47 and tiie second transmission 62 are engaged with each other. Thus, a drive force 
transmission path to the ribbon take-up spool 21 is formed with the planetary gear 47, the 
second transmission 62, and the driven gears 67, 67A, 68. The driven gear 67 is also engaged 
with a driven gear 69. The driven gear 69 is connected to the platen roller 10 through a gear 
train. Similarly, a drive force transmission path to the platen roller 10 is formed with the 
planetary gear 47, the second transmission gear 62, and the driven gears 67, 69, when the 
lower end of the rotation regulating member 51 engages in the positioning hole 56B. 

[0043] Disposed below the second transmission gear 62 is a driven gear (not 
shown) that engages with another driven gear 70. The driven gear 70 is connected to the 
sheet discharge roller 17 through a gear train. Similarly, a drive force transmission path to 
the sheet discharge roller 17 is formed with the planetary gear 47, the second trmismission 
gear 62, the driven gear (not shown) disposed below the second transmission gear 62, and the 
driven gear 70, when the lower end of the rotation regulating member 51 engages in the 
positioning hole 56B. At this time, the driven gear 70 is engaged with the third transmission 
gear 63, and accordingly, the third transmission gear 63 is rotated. However, the third 
transmission gear 63 does not transmit the drive force to the other gears. As the sun gear 43 
is rotated in the reverse direction with the lower end of the rotation regulating member 5 1 
engaged in the positionmg hole 56B, the ribbon take-up spool 21, the platen roller 10, and the 
sheet discharge roller 17 are driven and the recording operation is performed. 

[0044] The third transmission gear 63 is engaged vdth the driven gear 70, as 
described above. The fourth transmission gear 64 is engaged with a driven gear 71 . 
Disposed below the driven gear 71 is a driven gear (not shown) which is integrally formed 
with the driven gear 71 . The driven gear (not shown) disposed below the driven gear 71 is 
engaged with a driven gear 72 that is also engaged with another driven gear 73. The driven 
gear 73 is connected to the document discharge roller 36 though a gear train. A driven gear 
(not shown) disposed below the driven gear 72 is engaged with another driven gear 74. The 
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driven gear 74 is connected to the LF roller 32 through a gear train. As the lower end of the 
rotation regulating member 51 contacts the positioning edge 56C while the rotating member 
45 is rotating, the planetary gear 47 engages with the fourth transmission gear 64 and the 
planetary gear 46 engages with the second transmission gear 62. In this state, two 
transmission gears 62, 64 are selected at the same time. When the lower end of the rotation 
regulating member 5 1 contacts the positioning edge 56C, a drive force transmission path to 
the document discharge roller 36 is formed with the planetary gear 47, the fourth 
transmission gear 64, the driven gear 71, the driven gear (not shown) disposed below the 
driven gear 71, and the driven gear 73. At the same time, a drive force transmission path to 
the LF roller 32 is formed with the planetary gear 47, the fourth transmission gear 64, the 
driven gear 71, the driven gear (not shown) disposed below the driven gear 71, the driven 
gear 72, the driven gear (not shown) below the driven gear 72, and the driven gear 74. 

[0045] Because the planetary gear 46 is engaged with the second transmission gear 
62, the drive force transmission path to the ribbon take-up spool 21 is formed with the second 
transmission gear 62, the driven gear 67, the driven gear 67A disposed below the driven gear 
67 on the rear side of the base plate 41, and the driven gear 68. The drive force transmission 
path to the platen roller 10 is formed v^th the second transmission gear 62, and the driven 
gears 67, 69, and the drive force transmission path to the sheet discharge roller 17 is formed 
vwth the second transmission gear 62, the driven gear (not shown) disposed below the second 
transmission gear 62, and the driven gear 70, as described above. Accordingly, the LF 
roller 32 and the document discharge roller 36, as well as the ribbon take-up spool 21, the 
platen roller 10 and the sheet discharge roller 17 are driven, as the sim gear 43 is rotated in 
the reverse direction with the lower end of the rotation regulating member 51 contacting the 
positioning edge 56C. The copying operation is thus performed. 

[0046] As the lower end of the rotation regulating member 5 1 engages the 
positioning hole 56D while the rotatmg member 45 is rotating, the planetary gear 46 and the 
tiiird transmission 63 are engaged with each other. Thus, a drive force transmission path to 
the sheet discharge roller 17 is formed with the planetary gear 46, the third transmission 63, 
and the driven gear 70. At this time, the planetary gear 47 rotates without engaging any 
transmission gears 61 through 64. The driven gear 70 and the driven gear disposed below the 
second transmission gear 62 are engaged with each other. However, due to tiie action of a 
clutch spring (not shown) provided between the second transmission gear 62 and the driven 
gear disposed below the gear 62, the second trmismission gear 62 and the driven gear below 
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the gear 62 are disconnected. Therefore, the rotation of the driven gear 70 is not transmitted 
to the second transmission gear 62. 

[0047] When the sheet discharge roller 1 7 is rotated by the drive force transmitted 
through the relevant drive force transmission path formed as described above, the second 
transmission gear 62 is not rotated. Therefore, the drive force transmission path formed with 
the second transmission gear 62 and the driven gears 67, 68 is disconnected and 
consequently, the ribbon take-up spool 21 is not driven. Thus, a waste of the ribbon 20 is 
prevented. As the sun gear 43 is rotated in the reverse direction with the lower end of the 
rotation regulating member 51 engaged in the positioning hole 56D, only the sheet discharge 
roller 17 is driven and the sheet discharging operation is performed. 

[0048] As the lower end of the rotation regulating member 5 1 engages in the 
positioning hole 56E while the rotating member 45 is rotating, the planetary gear 46 and the 
fourth transmission 64 are engaged with each other. Thus, the drive force transmission path 
to the dociiment discharge roller 36 is formed with the plmietary gear 46, the fourth 
transmission 64, the driven gear 71, the driven gear disposed below the driven gear 71, and 
the driven gear 73. At the same time, the drive force transmission path to the LF roller 32 is 
formed with the planetary gear 46, the fourth transmission gear 64, the driven gear 71, the 
driven gear disposed below the driven gear 71, and the driven gears 72, 74. Accordingly, the 
document feed roller 36 and the LF roller 32 are driven, as the sun gear 43 is rotated in the 
reverse direction with the lower end of the rotation regulating member 51 engaged in the 
positioning hole 56E. The image reading operation to read an image on a document is thus 
performed. 

[0049] In order to rotate the rotating member 45 in association with the rotation of 
the Sim gear 43 in the forward direction to such a position that any of the transmission 
gears 61 through 64 is rotated, the planetary gears 46, 47 need to be pivotally rotated so as to 
pass across any of the irrelevant transmission gears 61 through 64 for desired operations and 
to engage with the desired transmission gears 61 through 64. This requires a large amoxmt of 
drive force, and great frictional load between the sun gear 43 and the rotating member 45, 
which is obtained using the tightening torque of the clutch spring 48. When the rotating 
member 45 does not have to rotate in association with the reverse rotation of the sun gear 43, 
the ftictional load between the rotating member 45 and the sun gear 43 is reduced using the 
loosening torque of the clutch spring 48, to rotate the planetary gears 46, 47 on their axis. 
While the sim gear 43 rotates in the reverse direction, the rotating member 45 is positioned by 
the regulating unit 49 and stopped, and the rotation of the sun gear 43 is transmitted to the 
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planetary gears 46, 47. With the clutch spring 48, the Motional load applied between the sun 
gear 43 and the rotating member 45 is changed according to the rotating directions of the sun 
gear 43. 

[0050] Referring to FIGS. 8 through 19, operations of the gear changing device 40 
that switches the drive force transmission paths will be described below in association with 
the basic three operation modes of the facsimile machine 1, that is, a transmission mode, a 
reception mode, and a copying mode. In the transmission mode, the image reading operation 
for reading an image on a document is performed with the CIS unit 34 by rotating the LF 
roller 32 and the document discharge roller 36, as well as a data transmitting operation for 
transmitting the read image data to another facsimile machine. In the reception mode, an 
image recording operation and a sheet discharging operation are performed. More 
specifically, the recording sheet is first fed using the sheet pick-up roller 5. Thereafter, the 
platen roller 10 and the sheet discharge roller 1 7 are rotated while the ribbon 20 is fed using 
the ribbon take-up spool 21, to record image data received from another facsimile machine 
onto a recording sheet with the thermal head 1 1 . Then, the recording sheet is discharged 
fi-om the facsimile machine 1. In the copying mode, the image reading operation, which is 
performed in the transmission mode and the image recording operation, which is performed 
in the reception mode, are performed at the same time. 

[0051] The facsimile machine 1 includes a control unit that controls operations of 
the facsunile machine 1 including the gear changing device 40. It is widely known that such 
a control unit operates with a central processing unit (CPU) 101 serving as the center of 
controls, based on programs stored in a read-only memory (ROM) 105. Therefore, general 
structure of the control imit of the facsimile machine 1 will be briefly described with 
reference to FIG. 20. 

[0052] The CPU 101 of the control unit in the facsimile machine 1 controls drive 
pulses to be applied to the drive motor 57 and the rotating directions of the drive motor 57, 
based on the ON/OFF level of the signals inputted from the sensor switch 80. In this 
embodiment, as the switch terminal 81 of the sensor switch 80 contacts the projection 60A', 
60B', 60C', 60D', 60E' of the rotating member 45, the CPU 101 detects, based on the signal 
output fi-om the sensor switch 80, that the sensor switch 80 is turned on. As the switch 
terminal 81 comes out of contact with the projection 60 A', 60B', 60C', 60D', 60E' into the 
recess 60A, 60B, 60C, 60D, 60E, the CPU 101 detects, based on the signal output from the 
sensor switch 80, that the sensor switch 80 is turned off. Alternatively, when the switch 
terminal 81 contacts the projection 60A', 60B', 60C', 60D', 60E', the OFF signal may be 
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output from the sensor switch 80. When the switch terminal 81 is in the recess 60A, 60B, 
60C, 60D, 60E, the ON signal may be output from the sensor switch 80. 

[0053] As shown in FIG. 20 illustrating a block diagram of the facsimile machine 1 
of a communication apparatus, the facsimile machine 1 includes a central processing unit 
(CPU) 101, a network control unit (NCU) 102, a random-access memory (RAM) 103, a 
modem 104, a read-only memory (ROM) 105, an electrically erasable programmable read- 
only memory (EEPROM) 106, a gate array 107, a coder/decoder (CODEC) 108, a direct 
memory access controller (DMAC) 109, an image reading unit 1 1 1 , a recording imit 1 12, a 
talk unit 1 1 3, an operation panel 1 14, a display 1 1 5, a motor driver 117, and a sensor 
switch 80. The CPU 101, the NCU 102, the RAM 103, the modem 104, the ROM 105, the 
EEPROM 106, the gate array 107, the CODEC 108, and the DMAC 109 are interconnected 
by a bus line. The bus line includes address bus, data bus, and control signal lines. The 
image reading unit 1 1 1 , the recording imit 1 1 2, the talk unit 1 1 3 , the operation panel 1 1 4, the 
display 115, the motor driver 117, and tiie sensor switch 80 are connected to the gate 
array 107. A drive motor 57 is connected to the motor driver 1 17 and driven by the motor 
driver 117. The NCU 102 is also connected to the modem 104. The talk unit 113 includes a 
speaker 113 A. 

[0054] The CPU 101 controls the operations of the facsimile machine 1. The 
NCU 102, which is connected to a public telephone line 116, performs the network confrols. 
The RAM 103 stores various kinds of data. The modem 104 modulates transmission data and 
demodulates receiving data. The ROM 105 stores various kinds of programs and initial 
setting values. The EEPROM 106 stores various kinds of flags, such as an initial value flag, 
and various setting value data. The gate array 107 ftinctions as an input/output interface of 
the CPU 101, and performs image and sound processing. The CODEC 108 encodes the 
fransmission facsimile data and decodes the receiving facsimile data. The DMAC 109 writes 
data into and reads data from the RAM 103 and the EEPROM 106. 

[0055] The image reading unit 1 1 1 has the CIS unit 34. The image reading unit 1 1 1 
reads an image from a document and outputs an analog image signal. The recording unit 112 
has a printer mechanism, such as the thermal head 1 1 . The recording unit 112 records a 
received image or read image onto a recording sheet. The talk unit 113 includes a calling 
mechanism, such as a microphone (not shown) and the speaker 1 13A. The talk imit 1 13 
inputs and outputs the receiving and transmitting sounds. The operation panel 1 14 is used by 
a user to perform various operations and includes the keyboard 38. The operation panel 114 
ou^uts a signal corresponding to the operation performed by the user. The display 115 has a 
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liquid crystal display (LCD) that displays various information, such as identification 
information of the telephone number of a receiver or called party and an error message, under 
the controls of the CPU 101. The speaker 1 13A of the talk unit 1 13 is used when the voice 
communication is performed with a user of a remote communication apparatus, as well as to 
notify a user of an occurrence of an error by issuing a sound, which will be described below. 

[0056] FIG. 8 shows a principal portion of the gear changing device 40 when an 
image on a document is read. FIG. 9 shows the principal portion of the gear changing 
device 40 when a recording sheet is fed. FIG. 10 shows the principal portion of the gear 
changing device 40 when recording is performed onto the recording sheet. FIG. 1 1 shows the 
principal portion of the gear changing device 40 when reading of the image on the document 
and recording onto the recording sheet are performed simultaneously. FIG. 12 shows the 
principal portion of the gear changing device 40 when the recording sheet is discharged. 
FIG. 13 shows the principal portion of the gear changing device 40 when the facsimile 
machine 1 is on standby. 

[0057] Referring to FIGS . 8 through 1 3 , a mechanical movement of the gear 
changing device 40 is described. To execute operations in the transmission mode of the 
facsimile machine 1, the facsimile machine 1 needs to drive the LF roller 32 and the 
document discharge roller 36. The control unit controls the drive motor 57 to rotate the sun 
gear 43 in the forward direction such that the lower end of the rotation regulating member 5 1 
in the regulating unit 49 engages the positioning hole 56E formed in the base plate 41 . When 
the lower end of the rotation regulating member 5 1 engages in the positioning hole 56E in the 
base plate 41, the switch terminal 81 of the sensor switch 80 is located in the recess 60A 
formed in the rotating member 45, as shown in FIG. 8. 

[0058] In the state that the rotation regulating member 5 1 engages the positioning 
hole 56E, the drive force transmission path to the document discharge roller 36 is formed, as 
described above, with the planetary gear 46, the forth transmission gear 64, the driven gear 
71, the driven gear below the driven gear 71, and the driven gear 73. At the same time, the 
drive force transmission path to the LF roller 32 is formed with the planetary gear 46, the 
fourth transmission 64, the driven gear 71, the driven gear below the driven gear 71, and the 
driven gears 72, 74. 

[0059] When the contfol unit controls the drive motor 57 to rotate the sxm gear 43 in 
the reverse direction in the state that the rotation regulating member 5 1 engages the 
positioning hole 56E, the rotating member 45 does not follow the rotation of the sun gear 43 
due to the action of the clutch spring 48, so that each of the planetary gears 46, 47 is not 
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pivotally rotated, but rotates on its axis in association with the rotation of the sun gear 43. 
The LF roller 32 and the document discharge roller 36 are rotated by the drive force 
transmitted through the respective path, so as to feed a document along the docviment feeding 
path R2 m FIG. 1 . While the document is being fed, an image on the document is read by the 
CIS unit 34. The read image data is transmitted to another facsimile machine under the 
control of the control unit. 

[0060] To execute operations in the reception mode of the facsimile machine 1 , the 
facsimile machine 1 needs to drive the sheet pick-up roller 5 in order to perform the sheet 
feeding operation. The control unit controls tiie drive motor 57 to rotate the sun gear 43 in 
the forward direction such that the lower end of the rotation regulating member 51 in the 
regulating unit 49 engages the positioning hole 56A formed in the base plate 41 . When the 
lower end of the rotation regulating member 51 engages the positioning hole 56A in the base 
plate 41, the switch terminal 81 of the sensor switch 80 is located in the recess 60B formed in 
the rotatmg member 45, as shown in FIG. 9. In the state that the rotation regulating member 
51 engages the positioning hole 56A, the drive force transmission path to the sheet pick-up 
roller 5 is formed, as described above, with the planetary gear 47, the first trmismission gear 
61, and the driven gears 65, 66. 

[0061] When the control unit controls the drive motor 57 to rotate the sun gear 43 in 
the reverse direction in the state that the rotation regulating member 51 engages the 
positioning hole 56A, the rotating member 45 does not follow the rotation of the sim gear 43 
due to the action of the clutch spring 48, so that each of the planetary gears 46, 47 are 
pivotally rotated, but rotate on their axis in association with the rotation of the sun gear 43. 
The sheet pick-up roller 5 is rotated by the drive force transmitted through the drive force 
transmission path to the roller 5, and accordingly the recording sheet is fed from the sheet 
stacker 4. 

[0062] After the recording sheet is fed by a predetermined amount, the control imit 
controls the drive motor 57 to rotate the sim gear 43 in ttie forward direction to make the 
facsimile machine 1 ready to execute the next recording operation. When the sun gear 43 is 
rotated in the forward direction, the frictional load between the sun gear 43 and the rotating 
member 45 is increased due to the action of the clutch spring 48. Therefore, the rotating 
member 45 rotates following the sun gear 43 in the same direction, that is, in the forward 
direction. The facsimile machine 1 needs to drive the platen roller 10, the ribbon take-up 
spool 21, and the sheet discharge roller 17, in order to perform the recording operation. 
Therefore, the control unit controls the drive motor 57 to rotate the sun gear 43 in the forward 
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direction such that the lower end of the rotation regulating member 51 in the regulating unit 
49 engages the positioning hole 56B formed in the base plate 41 . When the lower end of the 
rotation regulating member 5 1 engages in the positioning hole 56B in the base plate 41 , the 
switch terminal 81 of the sensor switch 80 is located in the recess 60C formed in the rotating 
member 45, as shown in FIG. 10. 

[0063] In the state that the rotation regulating member 5 1 is engaged in the 
positioning hole 56B, the drive force transmission path to the ribbon take-up spool 21 is 
formed, as described above, with the planetary gear 47, the second transmission gear 62, the 
driven gear 67, the driven gear 67 A below the driven gear 67, and the driven gear 68. In 
addition, the drive force transmission path to the platen roller 10 is formed, as described 
above, with the planetary gear 47, the second transmission gear 62, the driven gears 67 and 
69. Further, the drive force transmission path to the sheet discharge roller 17 is formed, as 
described above, with the planetary gear 47, the second transmission gear 62, the driven gear 
below the second transmission gear 62, and the driven gear 70. 

[0064] When the control unit controls the drive motor 57 to rotate the sun gear 43 in 
the reverse direction in the state that the rotation regulating member 51 engages in the 
positioning hole 56B, the rotating member 45 does not follow the rotation of the sun gear 43 
due to the action of the clutch spring 48, so that each of the planetary gears 46, 47 is not 
pivotally rotated, but rotates on its axis in association with the rotation of the sun gear 43. 
The platen roller 10 and the sheet discharge roller 17 are rotated by the drive force 
transmitted through the respective drive force transmission path to feed the recording sheet 
while the ribbon 20 is fed by the ribbon take-up spool 21 that is rotated by the drive force 
transmitted through the drive force transmission path to the spool 21 . The image data 
received from another facsimile machine is recorded onto the recording sheet with the 
thermal head 11. 

[0065] After the image data has been recorded, the control unit controls the drive 
motor 57 to rotate the sun gear 43 in the forward direction for the next sheet discharging 
operation. When the sun gear 43 is rotated in the forward direction, the frictional load 
between the sun gear 43 and the rotating member 45 is increased due to the action of the 
clutch spring 48. The facsimile machine 1 needs to drive the sheet discharge roller 17, in 
order to perform the sheet discharging operation. 

[0066] The control unit controls the drive motor 57 to rotate the sun gear 43 in the 
forward direction such that the lower end of the rotation regulating member 5 1 in the 
regulating unit 49 is engaged in the positioning hole 56D formed in the base plate 41 . When 
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the lower end of the rotation regulating member 51 engages in the positioning hole 56D in the 
base plate 41, the switch terminal 81 of the sensor switch 80 is located in the recess 60E 
formed in the rotating member 45, as shown in FIG. 12. In the state that the rotation 
regulating member 51 is engaged in the positioning hole 56D, the drive force transmission 
path to the sheet discharge roller 17 is formed, as described above, with the planetary gear 46, 
the third transmission gear 63, and the driven gear 70. 

[0067] At this time, the planetary gear 47 rotates on its axis without engaging any 
transmission gears 61 through 64. As described above, the driven gear 70 and the driven gear 
disposed below the second transmission gear 62 are engaged with each other. However, due 
to the action of the clutch spring (not shown) provided between the second transmission gear 
62 and the driven gear disposed below the gear 62, the second transmission gear 62 and the 
driven gear below the gear 62 are disconnected. Therefore, the rotation of the driven gear 70 
is not transmitted to the second transmission gear 62. 

[0068] When the control unit controls the drive motor 57 to rotate the sun gear 43 in 
the reverse direction in the state that the rotation regulating member 51 is engaged in the 
positioning hole 56D, the rotating member 45 does not follow the rotation of the sun gear 43 
due to the action of the clutch spring 48, so that each of the planetary gears 46, 47 is not 
pivotally rotated, but rotates on its axis in association with the rotation of the sim gear 43. 
The sheet discharge roller 17 is rotated by the drive force transmitted through the drive force 
transmission path to the roller 17, and the recording sheet is discharged from the facsimile 
machine 1 after the recording is finished. 

[0069] To execute operations in the copying mode of the facsimile machine 1 , the 
facsimile machine 1 first needs to drive the LF roller 32 and the document discharge roller 36 
to feed a document. The control unit controls the drive motor 57 to rotate the sun gear 43 in 
the forward direction such that the lower end of the rotation regulating member 51 in the 
regulating unit 49 is engaged m the positioning hole 56E formed in the base plate 41. When 
the lower end of tiie rotation regulating member 5 1 engages in the positioning hole 56E in the 
base plate 41, the switch terminal 81 of the sensor switch 80 is located in the recess 60A in 
the rotating member 45, as shown in FIG. 13. 

[0070] When the rotation regulating member 5 1 engages the positioning hole 56E, 
the drive force transmission path to the document discharge roller 36 is formed, as described 
above, with the planetary gear 46, the forth transmission gear 64, the driven gear 71 and the 
driven gear below the driven gear 71, and the driven gear 73. At the same time, the drive 
force transmission path to the LF roller 32 is formed with the planetary gear 46, the fourth 
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transmission 64, the driven gear 71, the driven gear below the driven gear 71 and the driven 
gears 72, 74. When the facsimile machine 1 is in a standby condition, the gear changing 
device 40 is placed in a condition such as shovra in FIG. 13, where the planetary gear 46 and 
the fourth transmission 64 are securely engaged with each other to prevent a rattle 
therebetween due to the vibrations that may be caused while the facsimile machine 1 is in the 
standby condition. 

[0071] When the control unit controls the drive motor 57 to rotate the sun gear 43 in 
the reverse direction in the state that the rotation regulating member 51 engages the 
positioning hole 56E, the rotating member 45 does not follow the rotation of the sun gear 43 
due to the action of the clutch spring 48, so that each of the planetary gears 46, 47 are not 
pivotally rotated, but rotate on their axis in association with the rotation of the sim gear 43. 
The LF roller 32 and the document discharge roller 36 are rotated by the drive force 
transmitted through the respective drive force transmission paths, so as to feed a document 
along the document feeding path R2 (m FIG. 1) to a predetermined position (where an image 
on the document begins to be read). 

[0072] Thereafter, the control unit controls the drive motor 57 to rotate the sim 
gear 43 in the forward direction for the next sheet feeding operation. When the sun gear 43 is 
rotated in the forward direction, the frictional load between the sxm gear 43 and the rotating 
member 45 is increased due to the action of the clutch spring 48. Therefore, the rotating 
member 45 rotates following the sim gear 43 in the same forward direction. The facsimile 
machine 1 needs to drive the sheet pick-up roller 5 to perform the sheet feeding operation. 
Therefore, the control unit controls the drive motor 57 to rotate the sun gear 43 in the forward 
direction such that the lower end of the rotation regulating member 51 in the regulating 
unit 49 is engaged in the positioning hole 56A formed in the base plate 41 . 

[0073] When the lower end of the rotation regulating member 5 1 engages the 
positionmg hole 56A in the base plate 41, the switch terminal 81 of the sensor switch 80 is 
located in the recess 60B formed in the rotating member 45, as shown in FIG. 9. In the state 
that the rotation regulating member 51 is engaged in the positioning hole 56A, the drive force 
transmission path to the sheet pick-up roller 5 is formed, as described above, with the 
planetary gear 47, the fust transmission gear 61, and the driven gears 65, 66. 

[0074] When the control vmit controls the drive motor 57 to rotate the sun gear 43 in 
tiie reverse direction in the state that the rotation regulating member 51 engages in the 
positioning hole 56A, the rotating member 45 does not follow the rotation of the sim gear 43 
due to the action of the clutch spring 48, so that each of the planetary gears 46, 47 are not 
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pivotally rotated, but rotate on their axis in association with the rotation of the sun gear 43. 
The sheet pick-up roller 5 is rotated by the drive force transmitted through the drive force 
transmission path to the roller 5 and the recording sheet is fed from the sheet stacker 4. 
Thereafter, the control unit controls the drive motor 57 to rotate the sun gear 43 in the 
forward direction for the next copying operation. 

[0075] When the sun gear 43 is rotated in the forward direction, the frictional load 
between the sxm gear 43 and the rotating member 45 is increased due to the action of the 
clutch spring 48. Therefore, the rotating member 45 is rotated together with the sun gear 43, 
in the same direction as the sun gear 43. The facsimile machine 1 needs to drive the LF 
roller 32, the document discharge roller 36, the sheet discharge roller 17, the platen roller 10, 
and the ribbon take-up spool 21, for the copying operation. Therefore, the control unit 
controls the drive motor 57 to rotate the sun gear 43 in the forward direction such that the 
lower end of the rotation regulating member 51 in the regulatmg unit 49 contacts the 
positioning edge 56C of the base plate 41 . When the lower end of the rotation regulating 
member 51 contacts the positioning edge 56C of the base plate 41, the switch terminal 81 of 
the sensor switch 80 is located in the recess 60D formed in the rotating member 45, as shown 
in FIG. 11. 

[0076] In the state that the rotation regulating member 5 1 contacts the positioning 
edge 56C, the drive force transmission path to the document discharge roller 36 is formed, as 
described above, with the planetary gear 47, the forth transmission gear 64, the driven 
gear 71 , the driven gear below the driven gear 71, and the driven gear 73. At the same time, 
the drive force transmission path to the LF roller 32 is formed, as described above, with the 
planetary gear 47, the fourth transmission 64, the driven gear 71, the driven gear below the 
driven gear 71, and the driven gears 72, 74. 

[0077] In addition, because the planetary gear 46 is engaged with the second 
transmission gear 62, the drive force transmission path to the platen roller 10 is formed, as 
described above, with the planetary gear 46, the second transmission gear 62, and the driven 
gears 67, 69. Further, the drive force transmission path to the sheet discharge roller 17 is 
formed, as described above, with the planetary gear 46, the second transmission gear 62, the 
driven gear below the second transmission gear 62, and the driven gear 70. The drive force 
transmission path to the ribbon take-up spool 21 is formed, as described above, with the 
planetary gear 46, the second transmission gear 62, the driven gear 67, the driven gear 67A 
disposed below the driven gear 67, and the driven gear 68. 



23 

[0078] When the control unit controls the drive motor 57 to rotate the sun gear 43 in 
the reverse direction in the state that the rotation regulating member 51 contacts the 
positioning edge 56C, the rotating member 45 does not follow the rotation of the sun gear 43 
due to the action of the clutch spring 48, so that each of the planetary gears 46, 47 is not 
pivotally rotated, but rotate on their axis in association with the rotation of the sun gear 43. 
The LF roller 32 and the document discharge roller 36 are rotated by the drive force 
transmitted through the respective drive force transmission paths, so as to feed the document. 
An image on the document is read with the CIS imit 34. 

[0079] At the same time, the drive force transmission path to the ribbon take-up 
spool 21 from the driven gear 68, and the drive force transmission path to the platen roller 10 
from the driven gear 69, as well as the drive force transmission path to the sheet discharge 
roller 1 7 from the driven gear 70 are formed to feed the recording sheet along the sheet 
feeding palh Rl, while the ribbon 20 is being fed. The image data read by the CIS unit 34 
from the document is recorded onto the recording sheet by the thermal head 1 1 . 

[0080] After recording the image data read from the document onto the recording 
sheet, the control unit controls the drive motor 57 to rotate the sun gear 43 in the forward 
direction for the next sheet discharging operation. When the sun gear 43 is rotated in the 
forward direction, the sun gear 43 and the rotating member 45 are cormected by the action of 
the clutch spring 48, so that the rotating member 45 is rotated in the same direction as the sim 
gear 43, following the rotation of the sun gear 43. The facsimile machine 1 needs to drive the 
sheet discharge roller 17, in order to perform the sheet discharging operation. Therefore, the 
control imit controls the drive motor 57 to rotate the sun gear 43 in the forward direction such 
that the lower end of the rotation regulating member 5 1 in the regulating unit 49 engages the 
positioning hole 56D formed in the base plate 41 . When the lower end of the rotation 
regulating member 51 engages the positioning hole 56D in the base plate 41, the switch 
terminal 81 of the sensor switch 80 is located in the recess 60E in the rotating member 45, as 
shown in FIG. 12. In the state that the rotation regulating member 51 engages the positioning 
hole 56D, the drive force transmission path to the sheet discharge roller 17 is formed, as 
described above, with the planetary gear 46, the third transmission gear 63, and the driven 
gear 70. At this time, the planetary gear 47 rotates on its axis without engaging any 
transmission gears 61 through 64. 

[0081] As described above, the driven gear 70 and the driven gear disposed below 
the second transmission gear 62 are engaged with each other. However, due to the action of 
the clutch spring (not shown) provided between the second transmission ge^ 62 and the 
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driven gear disposed below the gear 62, the second transmission gear 62 and the driven gear 
below the gear 62 are disconnected. Therefore, the rotation of the driven gear 70 is not 
transmitted to the second transmission gear 62. When the sheet discharge roller 17 is rotated 
by the drive force transmitted through the drive force transmission path to the roller 17, the 
second transmission gear 62 is not rotated. Therefore, the drive force transmission path 
formed with the second transmission gear 62 and the driven gears 67, 68 is discoimected and 
consequently, the ribbon take-up spool 21 is not driven. Because the ribbon 20 is not fed 
while the recording sheet is discharged, the ribbon 20 is not wasted. 

[0082] When the control xmit controls the drive motor 57 to rotate the sun gear 43 in 
the reverse direction in the state that the rotation regulating member 51 engages the 
positioning hole 56D, the rotating member 45 does not follow the rotation of the sun gear 43 
due to the action of the clutch spring 48. Accordingly, each of the planetary gears 46, 47 are 
not pivotally rotated, but rotate on their axis in association with the rotation of the sxm gear 
43. The sheet discharge roller 17 is rotated by the drive force transmitted through the drive 
force transmission path to the roller 17 and the recording sheet is discharged from the 
facsimile machine 1 by the sheet discharge roller 17 after recording is finished. 

[0083] Briefly stated, the gear changing device 40 is placed in the condition as 
shown in FIG. 8, in the transmission mode. In the reception mode, the gear changing 
device 40 is placed in the condition as shown in FIGS. 9, 10, and 12 in the identified order. 
In the copjdng mode, the gear changing device 40 is placed in the condition as shown in 
FIGS 1 3, 9, 1 0, 1 1 , 1 0, 1 2 and 1 3 in the identified order. The signals outputted from the 
sensor switch 80 and detected by the CPU 101 are used to switch the conditions of the gear 
changing device 40 at an appropriate timing. The CPU 101 of the control unit performs 
controls based on the detected ON/OFF signals (based on the ON/OFF conditions of the 
sensor switch 80). With reference to FIGS. 14 through 1 9, the controls performed by the 
CPU 101 are described below. 

[0084] FIG. 14 is a flowchart showing ON-detection processes to detect whether the 
sensor switch 80 is turned on. FIG. 1 5 is a flowchart showing OFF-detection processes to 
detect whether the sensor switch 80 is turned off FIG. 16 is a flowchart showing next -ON- 
detection processes to detect a next ON condition of the sensor switch 80 after the sensor 
switch 80 is turned on, and then turned off. FIG. 17 is a flowchart showing a home position 
detection processes to be performed until the rotating member 45 is brought in a home 
position. FIG. 18 shows a table to be referred to when an operation is switched to another 
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operation. FIG. 19 is a flowchart showing an operation switching from a sheet discharging 
operation to a sheet feeding operation. 

[0085] When the rotating member 45 is in a home position, the switch terminal 8 1 
of the sensor switch 80 is positioned in the recess 60C, whose distance or width is the longest 
among the recesses 60A, 60B, 60C, 60D, 60E. The ON and OFF-detection processes shown 
in FIGS. 14 and 15, respectively, are basic subroutines performed by the CPU 101. The next- 
ON-detection processes and home position detection processes shown in FIGS. 16 and 17, 
respectively, are versatile subroutines including the ON and OFF-detection processes. 

[0086] When the CPU 1 0 1 of the control unit performs controls, a register 1 0 1 A in 
the CPU 101 is used as an error counter for repeatedly performing a loop by a predetermined 
number of times until the CPU 101 determines that an operational error occurs, an OFF 
counter for counting the number of drive pulses applied to the drive motor 57 when the 
sensor switch 80 is turned off, and a retry counter for performing a retry by a predetermined 
number of times even after the operational error has been detected. 

[0087] Referring to FIG. 14, the ON-detection processes to detect whether the 
sensor switch 80 is turned on will be described in detail below. When the ON-detection 
processes are started, the CPU 101 starts to reset the error counter (SI). At this time, a 
predetermined number of times that a certain loop is performed until the CPU 101 determines 
that an error occurs, is set in the error counter. The number of times to be set in the error 
counter is, for example, 3 or 5. 

[0088] Thereafter, the CPU 101 subtracts one (1) from the count in the error 
counter (S2). Immediately after step S2, the CPU 101 determines whether the count in the 
error counter is zero (S3). When the count in the error counter is not zero (S3 : NO), the CPU 
101 applies the drive pulses to the drive motor 57 to rotate the drive motor 57 in the reverse 
dnection. As the drive motor 57 rotates in the reverse direction, the sun gear 43 rotates in the 
forward direction, 

[0089] After the sun gear 43 is thus rotated in the forward direction, the CPU 1 0 1 
monitors whetiier the sensor switch 80 is turned on (S5). When the CPU 101 detects that 
sensor switch 80 is turned on (S5: YES), the CPU 101 ends the ON-detection processes. In 
the ON-detection processes, the CPU 101 recognizes a moment at which the switch terminal 
81 of the sensor switch 80 comes in contact with a left side surface of the projection 60A', 
60B', 60C', 60D', 60E' of the rotating member 45. When the CPU 101 detects that the sensor 
switch 80 is not turned on (S5: NO), the CPU 101 returns to step S2. Steps S2 to S5 are 
performed as a loop. 
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[0090] When the count in the error coixnter is zero (S3 : YES), the CPU 1 0 1 stops 
the drive motor 57 and then performs an error notification processing step (86) to notify a 
user of an error, for example, by indicating in the display unit 11 5 or issuing a sound from the 
speaker 113 A. Then, the CPU 101 ends the ON-detection processes. The error includes a 
condition such that tiie rotating member 45 does not rotate even after a considerable period of 
time has passed since the sun gear 43 is rotated m the forward direction. 

[0091] Referring to FIG. 1 5, the OFF-detection processes to detect whether the 
sensor switch 80 is turned off will be described in detail below. When the OFF-detection 
processes are started, the CPU 101 starts to reset the error counter (SI 1). At this time, a 
predetermined number of times that a certain loop is performed until the CPU 101 determines 
that an error occurs, is set in the error counter. The number of times to be set in the error 
counter is, for example, 3 or 5. Thereafter, the CPU 101 subtracts one (1) from the count m 
the error counter (S12). Immediately after step S12, the CPU 101 determines whether the 
count in the error counter is zero (S 13). 

[0092] When the count in the error counter is not zero (S 1 3 : NO), the CPU 1 0 1 
appUes the drive pulses to the drive motor 57 to rotate the drive motor 57 in the reverse 
direction. As the drive motor 57 rotates in the reverse direction, the sun gear 43 rotates in the 
forward direction. After the sun gear 43 is thus rotated in the forward direction, the CPU 101 
monitors, until the sensor switch 80 is turned off, a signal from the sensor switch 80 (SI 5). 

[0093] When the CPU 101 detects that sensor switch 80 is turned off (S15: YES), 
the CPU 101 ends the OFF-detection processes. In the OFF-detection processes, the 
CPU 101 recognizes a condition where the switch terminal 81 of the sensor switch 80 
positions in the recess 60A, 60B, 60C, 60D, 60E of the rotating member 45 after being out of 
contact with the projection 60A', 60B', 60C', 60D', 60E', away from a right side surface 
thereof. When the CPU 101 detects that the sensor switch 80 is not turned off (S15: NO), the 
CPU 101 returns to step SI 2, Steps S 12 to SI 5 are performed as a loop. 

[0094] When the count in the error counter is zero (S 1 3 : YES), the CPU 1 0 1 stops 
the drive motor 57 and then performs the error notification processing (SI 6) to notify a user 
of an error, for example, by indicating in the display unit 1 15 or issuing a sound from the 
speaker 1 13 A. Then, the CPU 101 ends the OFF-detection processes. The error includes a 
condition where the rotating member 45 does not rotate even after a considerable period of 
time has passed since the sun gear 43 is rotated in the forward direction because the switch 
terminal 81 is trapped by the projection 60A', 60B', 60C', 60D', 60E'. 
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[0095] Referring to FIG. 1 6, the next-ON-detection processes to detect, after the 
sensor switch 80 is turned on and tiien off, where the sensor switch 80 is again turned on, will 
be described in detail below. When the next-ON-detection processes are started, the 
CPU 101 first performs the ON-detection processes (S21) and then, the OFF-detection 
processes (S22), as described above. More specifically, the CPU 101 detects that the switch 
terminal 81 of the sensor switch 80 makes contact with any one of the projections 60A', 60B', 
60C', 60D', 60E' at the left side surface thereof and then moves away firom the right side 
surface thereof, being positioned in any one of the adjacent recesses 60A, 60B, 60C, 60D, 
60E. Thus, the CPU 101 recognizes a moment at which the switch terminal 81 moves out of 
contact with the rotating member 45. 

[0096] At the time when the CPU 101 recognizes such a moment, the CPU 101 
resets the error counter (S23). A predetermined number of times that a certain loop is 
performed until the CPU 101 determines that an error occurs, is set in the error counter. The 
number of times to be set in the error counter is, for example, 3 or 5. The CPU 101 also 
clears the count in the OFF counter to zero (S24). Thereafter, the CPU 101 subtracts one (1) 
fi-om the count in the error counter (S25). Immediately after step S25, the CPU 101 
determines whether the coimt in the error counter is zero (S26). 

[0097] When the count in the error counter is not zero (S26: NO), the CPU 101 
adds up the number of drive pulses (n) applied to drive motor 57 immediately after the CPU 
101 detects the OFF-detection processes in step 22 that the sensor switch 80 is turned off. 
The CPU 101 adds the number of the drive pulses (n), to the count in the OFF counter (S27). 

[0098] Subsequently, tiie CPU 101 applies the drive pulses to the drive motor 57 to 
rotate the motor 57 in the reverse direction (S28). As described above, when the drive 
motor 57 rotates in the reverse direction, the sun gear 43 is rotated in the forward direction. 
After the sun gear 43 is rotated in the forward direction, the CPU 101 monitors, imtil the 
sensor switch 80 is turned on, a signal from the sensor switch 80 (S29). 

[0099] When the CPU 101 detects that the sensor switch 80 is turned on (S29: 
YES), the CPU 101 determines whether the count in the OFF counter is less than, for 
example, 150 (S30). The count "150" in the OFF counter is given as an example of a 
threshold value that is predetermined to discriminate between the conditions where the switch 
terminal 81 is in the home position of the widest recess 60C and the switch terminal 81 is in a 
position other than the home position or the recess 60A, 60B, 60D, or 60E. More 
specifically, the rotating member 45 according to the exemplary embodiment is designed 
such that at least 1 50 drive pulses need to be applied to tiie drive motor 57 to rotate the sun 
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gear 43 in the forward direction to position the switch terminal 81 out of the widest recess 
60C. The tiireshold value of 150 is only an example, an appropriate threshold value may be 
selected in accordance with the widest recess among a plurality of recesses. 

[0100] When the count in the OFF counter immediately after the sensor switch 80 is 
turned on, is less than 150 (S30: YES), the CPU 101 ends the next-ON-detection processes. 
In the next-ON-detection processes, after the switch terminal 81 of the switch sensor 80 
contacts the left side surface of the projection 60A', 60B', 60D', 60E' and is then positioned m 
the recess 60A, 60B, 60D, 60E other than the home position of the recess 60C, the CPU 101 
recognizes a moment at which the switch terminal 81 contacts the left side surface of the 
adjacent projection 60B', 60C', 60E', 60A'. In other words, when a series of the next-ON- 
detection processes is performed once, the switch terminal 81 moves beyond one projection 
60A', 60B', 60D', 60E', such that the recess 60A, 60B, 60D, 60E is positioned opposite the 
switch terminal 8 1 . 

[0101] When the count in the OFF counter immediately after the sensor switch 80 is 
turned on, is equal to or greater than 150 (S30: NO), the CPU 101 stops the drive motor 57 
and then performs the error notification processing (S3 1) to notify a user of an error. This 
may be done, for example, by indicating in the display unit 115 or issuing a sound from the 
speaker 1 13 A, whereupon the next-ON-detection processes end. The error during this routine 
of the next-ON-detection processes includes a condition that the rotating member 45 is in the 
home position, that is the switch terminal 81 is in the recess 60C. When the CPU 101 detects 
that the sensor switch 80 is not turned on (S29: NO), the CPU 101 returns to step S25. Steps 
S25 to S29 are performed as a loop in extremely short cycles. 

[0102] When the count in the error counter is zero (826: YES), the CPU 101 stops 
the drive motor 57 and flow proceeds to step S31 where error notification processing is 
performed to notify a user of an error, for example, by indicating in the display imit 11 5 or 
issuing a sound ftom the speaker 11 3 A, whereupon the next-ON-detection processes end. 
The error includes a condition where the rotating member 45 does not rotate even after a 
considerable period of time has passed since the sun gear 43 is rotated in the forward 
direction. 

[0103] Referring to FIG. 17, the home position detection processes will be 
described in detail below. When the home position detection processes are started, the 
CPU 101 first performs the ON-detection processes (S41) and then, the OFF-detection 
processes (S42) in a similar manner as performed in the next-ON-detection processes. Then, 
the CPU 101 resets the error coimter (843). At this time, a predetermined number of times 
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that a certain loop is performed until the CPU 101 determines that an error occurs, is set in 
the error counter. The number of times to be set in the error counter is, for example, 3 or 5. 
The CPU 101 also clears the count in the OFF counter to zero (S44). Thereafter, the CPU 
101 subtracts one (1) from the count m the error counter (S45). Immediately after step S45, 
the CPU 101 determines whether the count in the error coimter is zero (S46). 

[0104] When the count in the error counter is not zero (S46: NO), the CPU 101 
adds up the number of the drive pulses (m) applied to the drive motor 57 immediately after 
the CPU 101 detects in the OFF-detection processes in step 42 that the sensor switch 80 is 
turned off. The CPU 101 adds the number of the drive pulses (m) to the count in the OFF 
coimter (S47). Subsequently, the CPU 101 applies the drive pulses to the drive motor 57 to 
rotate the motor 57 in the reverse direction (S48). As described above, when the drive 
motor 57 rotates in the reverse direction, the sun gear 43 is rotated in the forward direction. 

[0105] After the sun gear 43 is rotated in the forward direction, the CPU 101 
monitors, until the sensor switch 80 is turned on, a signal from the sensor switch 80 (S49). 
When the CPU 101 detects that the sensor switch 80 is turned on (S49: YES), the CPU 101 
determines whether the count in the OFF counter is equal to or greater than, for example, 150 
(S50). The count " 1 50" in the OFF counter is given as an example of a threshold value 
predetermined as described above. 

[0106] When the count in the OFF counter immediately after the sensor switch 80 is 
turned on, is equal to or greater than 150 (S50: YES), the CPU 101 ends the home position 
detection processes. In the home position detection processes, after the switch terminal 8 1 of 
the sensor switch 80 contacts the projection 60C' and is positioned in the recess 60C, the CPU 
101 recognizes a moment at which the switch terminal 81 comes in contact with the left side 
surface of the projection 60D' adjacent to the recess 60C of the home position. At the time 
when the home position detection processes are finished, the switch terminal 81 of the sensor 
switch 80 is left in contact with the left side surface of the projection 60D'. When the coimt 
in the OFF counter immediately after the sensor switch 80 is turned on, is not equal to or 
greater than 150 (850: NO), the CPU 101 returns to step S44. Steps S44 to S50 are 
performed as a loop. When the CPU 101 detects that the sensor switch 80 is not turned on 
(S49: NO), the CPU 101 returns to step S45. Steps S45 to S49 are performed as a loop. 

[0107] When the count in the error counter is zero (S46: YES), the CPU 1 0 1 stops 
the drive motor 57 and then performs the error notification processing (S5 1) to notify a user 
of an error, for example, by mdicating an error in the display unit 1 15 or issuuig a sound from 
the speaker 1 13A, whereupon the home position detection processes end. The error includes 
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a condition where the rotating member 45 does not rotate even after a considerable period of 
time has passed since the sun gear 43 is rotated in the forward direction. 

[0108] A main routine including the subroutines of the above-described ON- 
detection processes, OFF-detection processes, next-ON-detection processes, and home 
position detection processes is specified in a table such as shown in FIG. 18, for making 
switches between operations. Referring to FIG. 18, the operation switching to be made based 
on the table will be described below. 

[0109] The operations before switching are assigned to rows of the table. The 
operations after switching are assigned to columns of the table. An intersection of a row and 
a column specifies a subroutine to be performed when the operation specified in the row is 
switched to the operation specified in the column. For example, when the standby state 
specified in the second row is switched to the image reading operation specified in the first 
£3 column, the ON-detection processes (which are represented by "TO ON") is first performed. 
CP Thereafter, as an amount that the drive motor 57 is reversed in the forward direction, 20 drive 
1= pulses are applied to the drive motor 57 to rotate the sun gear 43 in the reverse direction 
H- (which is represented by "REVERSE AMOUNT = 20" in FIG. 1 8). To make a switch fi-om 
B the sheet feeding operation in the third row to the image reading operation in the first column, 
p- the home position detection processes (which are represented by "HP" in FIG. 1 8) are 
{ y performed, as well as the next-ON-detection processes (which are represented by "NEXT 
p ON") three times. Thereafter, 20 drive pulses are appUed, as an amount that the drive 
^'•^ motor 57 is reversed m the forward direction, to the drive motor 57 to rotate the sun gear 43 
in the reverse direction. 

[0110] None of the rows or columns of the table specify the OFF-detection 
processes. However, the OFF-detection processes are substantially performed as a subroutine 
for the home position detection processes and the next-ON-detection processes. The nxmiber 
of times tiiat the next-ON-detection processes are performed fi-om the home position is 
predetermined for each operation specified in columns, though it is not represented in 
FIG. 18. For example, in the sheet feeding operation, as shown in FIG. 9, the switch 
terminal 81 is located in the fourth recess 60B fi-om the home position of the recess 60C 
when the rotating member 45 rotates in the forward direction. To place the switch 
terminal 81 in the recess 60B, the next-ON-detection processes are to be performed four 
times after the home position detection processes are performed. 

[0111] The flow of the operation switching to be made based on the table shown in 
FIG. 18, for example, firom the sheet discharging operation to the sheet feeding operation will 
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be described below, with reference to FIG. 19. When switchmg is made from the sheet 
discharguig operation to the sheet feeding operation, the CPU 101 refers to the table shown in 
FIG 18, performing the next-ON-detection processes twice (S61, S62). More specifically, as 
shown in FIG. 12, the switch terminal 81 is located in the recess 60E in the sheet discharging 
operation. In this state, the next-ON-detection processes are performed twice. Accordingly, 
the switch terminal 81 comes to be located in the recess 60B, which is the second recess firom 
the recess 60E in the forward direction, and starts to contact the projection 60C'. In the next- 
ON-detection processes performed in steps S61 and S62, the error notification processing is 
not performed. 

[0112] Thereafter, the CPU 101 resets the retry counter (S63). At this time, the 
number of times that a retry is performed before the CPU 101 determines that an error occurs 
is set in the retry counter. The number of times to be set in the retry counter is, for example, 
2. The CPU 101 resets the error counter (S64). At this time, a predetermined number of 
times that a certain loop is performed until the CPU 101 determines that an error occurs, is set 
in the error counter. The number of times to be set in the error coimter is, for example, 3 or 
5. Thereafter, the CPU 101 subtracts one (1) from the count in the error counter (S65). 
Immediately after step S65, the CPU 101 determines whether the coimt in the error counter is 
zero (S66). When the count in the error counter is not zero (S66: NO), the CPU 101 applies 
the drive pulses to the drive motor 57 to rotate the motor 57 in the forward direction (S67). 
At this time, the rotating direction of the drive motor 57 is changed from the reverse direction 
to the forward direction. According to the rotation of the drive motor 57 in the forward 
direction, the sun gear 43 is rotated in the reverse direction. 

[0113] Immediately after the sun gear 43 is rotated in the reverse direction, the 
CPU 101 determines, based on the signal from the sensor switch 80, that the sensor switch 80 
is turned off (S68). This determination is made to recognize that the switch terminal 81 is in 
the recess 60B away from the left side of the projection 60C'. 

[0114] When the CPU 101 detects that the sensor switch 80 is turned off (S68: 
YES), the CPU 101 recognizes that the switch terminal 81 is located in the recess 60B and 
applies to the drive motor 57 the drive pulses specified in the table shown in FIG. 1 8 as the 
reverse amount (50 drive pulses in this case), to rotate the sun gear 43 further in the reverse 
direction (S69). Thereafter, the switching from the sheet discharge operation to the sheet 
feeding operation is finished. More specifically, after it is made sure that the switch 
terminal 81 is in ihe recess 60B, the drive pulses are applied to the drive motor 57 to slightly 
rotate the rotating member 45 in the reverse direction in association with the rotation of the 
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sun gear 43 in the reverse direction, thereby enabling the rotating member 45 to be stopped 
securely by the regulating unit 49. 

[0115] As the sun gear 43 is rotated in the reverse direction in the state that the 
rotating member 45 is stopped securely by the regulating unit 49, the drive force transmission 
path to the sheet pick-up roller 5 is reliably formed, as described above, with the planetary 
gear 47, the first transmission gear 61, and the driven gears 65, 66. The sheet pick-up roller 5 
is rotated by the drive force transmitted through the thus formed drive force transmission 
path, and the recording sheet is fed from the sheet stacker 4. 

[0116] When the CPU 1 0 1 detects that the sensor switch 80 is not turned off (S68 : 
NO), the CPU 101 returns to step S65. Steps S65 to S68 are performed as a loop in 
extremely short cycles. One possible reason that OFF condition of the sensor switch 80 is not 
detected is that the switch terminal 81 is trapped by the projection 60C' and the sensor 
switch 80 is turned on, so that the rotating member 45 is prevented from slightly rotating in 
the reverse direction. In this embodiment, even if such an error occurs, the error can be 
avoided with retry processes, which will be described below in more detail. 

[0117] When the count in the error counter is zero (S66: YES), the CPU 101 
subtracts one (1) from the count in the retry counter, as a first step of the retry processes 
(S70), without performing the error notification processing. Immediately after step S70, the 
CPU 101 determines whether the count in the retry counter is zero (S71). 

[0118] When the counter count in the retry coxinter is not zero (S71 : NO), the 
CPU 101 performs the home position detection processes (S72), and the next-ON-detection 
processes four times (S73 to S76), so as to clear the error condition and bring the error 
condition into a condition where the sheet feeding can be performed by locating the switch 
terminal 81 in the recess 60B. Thereafter, flow returns to step S64. The steps 70 through 
S76 are performed as the retry processes. Through the home position detection processes and 
the next-ON-detection processes performed four times, the rotating member 45, which is 
deemed to be one factor of the error, is rotated once and put back in a condition similar to the 
condition immediately after step S62. 

[01 19] When the count in the retry counter is zero (S7 1 : YES), the CPU 1 0 1 
determines that an error occurs and performs the error notification processing (S77), 
whereupon switching from the sheet discharging operation to the sheet feeding operation is 
finished. Operation switching other than from the sheet discharging operation to the sheet 
feeding operation, is made based on tiie table m FIG. 18, by replacing steps 61, 62 with 
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appropriate processes associated with an operation to be switched from another operation. 
Steps 72 through 76 of the retry processes are also replaced with the relevant processes. 

[0120] In the facsimile machine 1 including the gear changing device 40, a timing 
when the sun gear 43 is rotated in the reverse direction or the forward direction can be 
controlled based on the width of each recess 60 A to 60E and projection 60 A' to 60E' formed 
in the circumference of the rotating member 45. Therefore, the rotating directions of the sun 
gear 43 can be changed at an appropriate timing. The planetary gear 43 can be securely 
engaged with the transmission gears 61 through 64 required for operation modes and the 
operation mode switching can be smoothly made. 

[0121] While the invention has been described with reference to the exemplary 
embodiment, it is to be understood that the invention is not restricted to the particular forms 
shown in the foregoing exemplary embodiment. Various modifications and alterations can be 
made thereto without departing from the scope of the invention, as set forth in the appended 
claims. 

[0122] For example, the gear changing device 40 may be included in apparatus that 
require gears to be changed according to a plurality of operation modes, regardless of the type 
of the operation mode. Although two planetary gears 46, 47 are provided in the above- 
described exemplary embodiment, the number of the planetary gears is not limited to two. 
One planetary gear or three or more planetary gears may be provided. 

[0123] In the exemplary embodiment, when it is determined, based on the signal 
from the sensor svsdtch 80, that the sensor switch 80 is turned off, operations associated with 
the operation modes are performed. However, operations associated with the operation 
modes may be performed when the sensor switch 80 is turned on. 

[0124] As is apparent from the foregoing description, in a gear changing device of 
the invention, a timing at which the sun gear is rotated in the reverse direction or the forward 
direction may be controlled based on the widths of the recesses and projections formed on the 
ckcumference of the rotating member. Therefore, the rotating directions of the sun gear may 
be changed at an appropriate timing. The planetary gear may be engaged with the 
transmission gears relevant for operation modes, and the operation modes may be smoothly 
switched. 

[0125] In addition, m a gear changing device of the invention, it may be recognized 
at a time when the recess is detected after the projection is detected or a time when the 
projection is detected after the recess is detected, that the planetary gear and the transmission 
gear associated with an operation mode can be engaged with each other. Further, in a gear 
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changing device of the invention, after the operation mode is recognized, the sun gear may be 
rotated in the reverse direction, at a time such that the projection is again detected after Hie 
recess is detected, or a time such that the recess is again detected after the projection is 
detected. Further, m a gear changing device of the invention, even when an error occurs such 
that a recess/projection detection condition has not been changed after the sun gear starts to 
rotate in the reverse direction, the error may be avoided by rotating the rotating member once 
according to the rotation of the svm gear in the forward du-ection, and then by starting to 
rotate the sun gear again in tiie reverse direction. The gear changing device may be applied 
to apparatus, such as a facsimile machine, that have a plurality of different operation modes, 
for example, an image reading mode, a recording mode, and a copying mode. 

[0126] In a commimication apparatus of the invention, a timing at which the sun 
gear is rotated in the reverse direction or the forward direction may be controlled based on 
widths of the recesses and projections formed on the circumference of the rotating member. 
Therefore, the rotating directions of the sun gear may be changed at an appropriate timing. 
The planetary gear may be engaged with the transmission gears relevant for operation modes, 
and the operation modes may be smoothly switched. 

[0127] In addition, in a conmiunication apparatus of the invention, it may be 
recognized, at a time when the recess is detected after the projection is detected or at a time 
when the projection is detected after the recess is detected, that the planetary gear and the 
transmission gear associated with an operation mode can be engaged with each other. 
Further, in a commimication apparatus of the invention, after the operation mode is 
recognized, the sun gear may be rotated in the reverse durection, at a time such that the 
projection is again detected after the recess is detected, or a time such that the recess is again 
detected after the projection is detected. 

[0128] Further, in a communication apparatus of the invention, even when an error 
occurs such that a recess/projection detection condition has not been changed after the sun 
gear starts to rotate in the reverse direction, the error may be avoided by rotating the rotating 
member once according to the rotation of the sun gear in the forward direction, and then by 
starting to rotate the sun gear again in the reverse direction. 

[0129] In a communication apparatus of the invention, when operations are 
executed in operation modes, such as a transmission mode, a reception mode, and a copying 
mode, a driven gear required for an operation associated with an operation mode may be 
selected by rotating the sun gear in one direction, and the selected driven gear may be 
engaged with the planetary gear. When the sun gear is rotated in an opposite direction, the 
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planetary gear may be rotated on an axis thereof while engaging with the selected driven 
gear. The operations required for the operation modes, such as the transmission mode, 
reception mode, and copying mode, may be selectively performed by selecting the rotating 
directions of the sun gear based on the rotation of the drive motor in the forward direction or 
the reverse direction. Accordingly, the number of components to be used for a drive force 
transmission mechanism may be reduced, thereby simplifying the mechanism. Consequently, 
the communication apparatus including the drive force transmission mechanism with reduced 
cost may be achieved. Furliier, the physical size of the communication apparatus may be 
reduced. 

[0130] In a communication apparatus of the invention, as the sun gear rotates in one 
direction, a frictional load applied between the sim gear and the rotating member may be 
increased by an action of a ftictional load generating device disposed between the sun gear 
and the rotating member. Accordingly, the rotating member may be rotated along with the 
sim gear, so as to pivotally rotate the planetary gear. When the sun gear rotates in the other 
direction, the frictional load applied between the sun gear and the rotating member may be 
decreased by the action of the frictional load generating device. Therefore, the drive force 
from the drive motor may be effectively transmitted to the driven gear through the sun gear 
and the planetary gears, while positioning the rotating member with the rotation regulating 
member. 

[0131] In a communication apparatus of the invention, a predetermined angle 
formed by a pair of arms of the rotating member may be set to such an angle that two 
positions on the path of the planetary gear that pivotally rotates are selectable. Therefore, 
when the planetary gear rotatably supported by each of the arms is pivotally rotated, a 
predetermined mmiber, one or two of the driven gears may be selected from the plurality of 
the driven gears in association with each operation mode, and the selected driven gear may be 
engaged with tiie planet^ ge^. 

[0132] In a communication apparatus of the invention, the copying mode requires a 
document feeding operation, a sheet feeding operation, a sheet conveying operation, and a 
sheet discharging operation. Each planetary gear selectively engages with one of the driven 
gears, so that at least two operations may be performed simultaneously. Therefore, a smooth 
copying operation may be performed. 

[0133] In a commimication apparatus of the invention, the driven ge^-s required for 
the sheet feeding operation, the recording operation with a recording head, and the sheet 
discharging operation to be performed in the reception mode and the copying mode, may be 
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consecutively disposed along the path of the planetary gears that pivotally rotate. Therefore, 
the distance that the planetary gear moves while pivotally rotating may be reduced when the 
above-described sheet feeding operation, recording operation, and sheet discharging 
operations are sequentially performed. Thus, such operations required in the reception and 
copying modes may be smoothly performed. 

[0134] In a communication apparatus of the invention, when a driven gear required 
for the sheet feeding operation or the sheet discharging operation is selected from the driven 
gears, the selected driven gear and a gear to be used for ribbon feeding may be disconnected. 
Therefore, the ribbon may not be fed during the sheet feeding operation or sheet discharge 
operation, so that the ribbon may not be wasted. 

[0135] In a communication apparatus of the invention, the regulating unit may 
include an elastic protrusion that is provided on the rotating member and engages in a 
positioning opening formed in a base member at positions on the path of the planetary gear 
that pivotally rotates. Therefore, each planetary gear may be positioned by the elastic 
protrusion at each of the positions on the path of the planetary gear where the planetary gear 
pivotally rotates. While each planetary gear and one of the driven gears are securely engaged 
with each other, the driven gears may be properly rotated through each planetary gear. 

[0136] A communication apparatus of the invention may include a document 
feeding operation for feeding a document to be read, a sheet feeding operation for feeding a 
recording sheet, a recording operation for performing recording with a recording head onto 
the recording sheet, and a sheet discharging operation for discharging the recording sheet, as 
executable operations. These operations may be associated with any of the driven gears. At 
least one driven gears to be used in the transmission mode, the reception mode, and the 
copying mode, may be predetermined. 

[0137] When the sun gear is rotated in one direction, at least one position associated 
witii the at least one driven gear required for the operation in the respective mode, may be 
selected, and the at least one driven gear may be engaged with the planetary gear. When the 
sun gear is rotated in an opposite direction, the planetary gear may be rotated on the axis 
thereof while engaging with the driven gear. By selecting the rotating directions of the sun 
gear based on the rotation of the drive motor in the forward direction or the reverse direction, 
the operations required for each mode may be selectively performed. Accordingly, when the 
operations are executed in the transmission mode, the reception mode, and the copying mode, 
the driven gear reqmred for operations in the respective mode may be selected by rotating the 
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sun gear in one direction and the selected driven gear may be engaged with the planetary 
gear. 

[0138] When the sun gear is rotated in an opposite direction, the planetary gear may 
be rotated on the axis thereof while engaging with the selected driven gear. The operations 
required for the transmission mode, the reception mode, and the copying mode may be 
selectively performed by selecting the rotating directions of the sun gear, based on the 
rotation of the drive motor in the forward direction or the reverse direction. Accordingly, the 
number of components to be used for a drive force transmission mechanism may be reduced, 
thereby simplifying tiie mechanism. Consequently, tiie communication apparatus including 
the drive force transmission mechanism with its cost reduced may be achieved. 

[0139] While this invention has been described in conjunction with specific 
embodiments outUned above, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, the preferred 
embodiments of the invention, as set forth above, are intended to be illustrative, not limiting. 
Various changes may be made without departing from the spirit and scope of the invention. 



